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(57) Abstract 

The invention is an integrated, data-centric hazard communication system. The system has an authoring module and a means for 
disseminating hazard information about a material and its components, decomposition products and related materials. The authoring module 
decompiles material data, associates the decompiled data widi hazard information, and recompiles material data associated with hazard 
infonnation to provide hazard information about the material, its components, decomposition products of die material, and substances 
related to the material. The system can be a general purpose computer programmed with computer instructions to perform these functions. 
Computer software for performing these functions is also presented. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international ^plications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


'nnimcnistan 


BF 


Buikina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Tmkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netheriands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cflte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Pbland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/59094 PCTAJS99/10296 

PESCRIPTIPN 

HAZARD COMMUNICATION SYSTEM 

Background hxt 

This invention relates to the automated and integrated 
5 management of health, safety and environmental information as it 
pertains to the manufacture, use, handling, transport, and sales 
of chemical products . 

The invention is useful in light of the widely regulated 
nature of these activities. Federal and State laws and 

10 regulations such as the Occupational Safety and Health Act 
("OSHA") have much to say about the information that must be 
gathered, maintained, stored, evaluated and distributed in 
chemical manufacturing. For example, the regulations require an 
employer to establish a written hazard communication plan to 

15 advise its employees of hazards associated with chemicals che 
enTiAoyees handle, and incorporate into this plan the : us«^ of 
corjtainer labels, warning signs. Material Safety iJatci Sheets 
(".MSDSs") and training programs. The centerpiece of the OSHA 
Hazard Communication Standard is the MSDS, required for each 

20 hazardous substance manufactured or used on the site. The MSDS 
includes all relevant information pertaining to a hazardous 
substance, from its ingredients to physical properties, health 
hazards, exposure limits, regulatory controls, storage 
incompatibilities, safe handling and use precautions and much 

25 more. 

This and other legislation, with its demanding regulatory 
requirements, has created a need for sophisticated information 
management solutions to assist industry and other impacted 
entities in the compliance process. In recent years, software 
30 applications have emerged that attempt to manage selected aspects 
of compliance, such as dissemination of MSDS or Hazardous Waste 
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Manifest information. Most solutions have been of a limited 
scope . 

For example, the FLOW GEMINI program previously available 
from General Research provides hazardous substance report 
5 . generation, using a blank screen on which the user designs the 
reporting forms to be used. Some standard report forms are 
included with this software. 

SAP produces a software module that can be used to gather 
chemical data into a substance database and allows users to 
10 manually select phrases for MSDS construction. It does not 
involve an automated rule -driven process for generating hazard 
information about the materials. 

Imagetrak Software's MSDS ExPress allows scanning of MSDS 
images, which are then attached in an unspecified way to a 
15 database record. Information contained on the scanned- in MSDSs 
can then be queried in a simple question and ansv/er format. 

OSHA-SOFT's Compliance Manager provides a link between MSDSs 
and chemical inventory information, to facilitate compliance wich 
the OSHA Hazards Communication Standard. 
20 U.S. Patent 5,664,112 to Alternative Systems, Inc. proposes 

a hazard communication system containing some of the elements 
outlined above but includes and integrates modules for tracking 
waste spills and inventory as well as several other informational 
elements. 

25 The systems of the prior art combine product information 

entered by a system user with document templates to create hazard 
communication documents. That is to say, MSDS authoring has 
largely been document -based. Data was compiled from a variety of 
sources and scanned or manually entered into forms or precursors 

30 of forms such as electronic document templates. Each time a data 
element changed, all of the documents based on the data needed 
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to be called up and revised individually. In some cases this was 
done by directly associating product data with document data 
fields. In other cases it is done through a relational database 
which arrived at the same result indirectly. Prior art systems 
5 have not presented a means for decompiling information about a 
material, associating hazard information with the decompiled 
information, and then recompiling hazard communications based 
upon a systematic application of rules. Instead, the system user 
provided all of the data about each substance for which a 
10 document was to be prepared. No systemic means have heretofore 
been available to create and disseminate hazard data for 
components of substances or substances derived or related to 
them. 

Disclosure of the Invention 

15 The invention is an integrated, data-centric hazard 

communication system comprising an authcrinq module and a means 
for .disseminating hazard information about a material and its 
components, decomposition produces and related materials. V/ithin 
the authoring module there is a means for decompiling material 

20 data, a means for associating the decompiled data with hazard 
information, and a means for recompiling material data associated 
with hazard information to provide hazard information about the 
material, its components, decomposition products of the material, 
and substances related to the material. The authoring module 

25 comprises a deblending analyzer; a substance processor; a rules 
engine for generating words and phrases used in the production 
of documents and system output; and a document generator for 
producing documents to disseminate the hazard information. The 
distribution module disseminates the documents created in the 

30 authoring module. 



- 3 - 



wo 99/59094 PCTAJS99/10296 



In one embodiment of the invention, an apparatus comprising 
the hazard communication system is presented. 

In another embodiment of the invention, a process is 
presented for communicating hazards associated with chemical 
5 substances. The process comprises the steps of creating a hazard 
communication document by entering material information into the 
system; processing entered information through an authoring 
module where hazard information is decompiled, associated with 
the material information, recompiled to provide hazard 
10 information about the material, its components, decomposition 
products of the material, and substances related to the material; 
and disseminating such hazard information. 

In a further embodiment of the invention the hazard 
communication system is computer software which drives a general 
15 purpose computer to perform the steps of the process referred to 
above . 

p^ggyiptjQn at the Invent aqu ■ 
FIG. 1 is a schematic view of a Hazard Communication System 
according to the invention. 
20 FIG. 2 is a schematic view of the authoring process used in 

a hazard communication system according to this invention. 

FIG. 3 is a schematic view of a data association process 
performed within the authoring module (process) of this 
invention - 

25 FIG. 4 is a schematic view of a technical architecture 

useful in the practice of this invention. 

Detailed De scription of the Invention 

FIG. 1 provides a schematic overview of a hazard 

communication system of this invention. It is organized into four 
30 modules in one embodiment: authoring module 100, optional 

distribution module 200, optional on-line module 300 and optional 
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labeling module 400. A relational database schema or database 
design 500, links and fuses the modules into a single, integrated 
entity. The system is best operated in a client-server computer 
configuration in which the programs for operating the modules are 
5 programmed into one or more application servers on magnetic, 
optical, magneto -optical, or other medium useful for storing and 
communicating instructions and data to computer/ computer- 
operated systems. Further, one of ordinary skill in the art will 
recognize that while each of the events or steps described in 

10 this specification may be presented as a process, once a computer 
or computing device is programmed to conduct these processes, the 
device and program comprise an apparatus or article for 
conducting theses processes. Well known computer languages such 
as C++, SQL, POWERBUILDER, Visual Basic, and Java languages are 

15 useful for this purpose. 

The authoring module 100 provides the material information 
management foundation of the invention. It is r.he point at which 
information about a material is initially entered into the system 
and manages and tracks information about materials, whether these 

20 materials are pure chemicals (i.e., elements, molecules, 
compounds, and complexes which are not mixtures) or, 
mixtures /blends of chemicals, or mixtures of mixtures. Within the 
authoring module 100, pure chemicals and mixtures are profiled 
according to their chemical names and synonyms, physical and 

25 chemical properties, health effect hazards, environmental 
toxicology, regulatory classifications, transportation, and 
employee protection. These profiles are then used to associate 
hazard communication information with the material for 
communication to anyone having a need for such information. 

30 Through the authoring module 100, the user defines all 

materials for which a record is to be made. Information used to 
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populate the authoring module is entered into the system through 
interactive computer screens, dialogue boxes, or import 
procedures. Data is stored and referenced as material records 
described more fully below. Structuring the authoring module of 
5 this invention as described herein allows documents for many 
different regulatory authorities, languages, business needs, and 
users to be written from only one review of the data. 

Once data is entered, the material record comprised of that 
data is stored in data tables associated with one or more 

10 relational databases 500. While Fig. 1 shows only one relational 
database 500, one skilled in the art will appreciate that any 
number of relational databases may operate independently or 
together in order to accomplish the functions and processes 
described throughout this specification. All data relating to 

15 a given material and its related materials are linked together 
by relationships among the relational databases 500. The. 
preferred relational databases of .the instant invention are 
Microsoft SQL Server, Oracle and Sybase SQL Servers. When data 
change, the relationships among the data components update all 

20 records and documentation affected. Thus, only one record needs 
to be kept for any given material even where the material has 
numerous trade names and manufacturers. 

The data storage model used in the apparatus and process of 
the preferred embodiment of this invention is based upon a 

25 material/class/component record system (hereafter collectively 
referred to as the "data storage model"). A material record is 
a complete set of hazard data for a material, a class of 
materials, or one or more components of a class of materials. A 
material is one or more chemicals or groups of chemicals with a 

30 set of common characteristics such as composition, chemical 
properties, and physical properties. Hazard information includes 
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the physical and chemical characteristics of a material relevant 
to regulatory, toxicological, safety (e.g., employee protection), 
and transportation requirements and the characterization of the 
material as required or suggested therefrom. A class of materials 
5 is an association of materials with similar properties and 
associated hazard information. A material record for a class 
comprises a range of data for all of the members of the class 
("siblings"). For example, a material class defined as "motor 
oils" can include siblings "lOW" and "20W" motor oils. The 

10 authoring module enables all references to a data file and 
accessing of all data files by material records relating to 
single materials, classes, components/siblings, and related 
materials. . Thus, when updating data, a user can identify all 
materials related to the material for which the data is to be 

15 updated. This facilitates more rapid and accurate maintenance 
of hazard information thnn was previously available in prior art 
MSDS systems. 

System outputs such as on-line ^interactive) screen displays 
and documents are all compiled by retrieving material records and 

20 associating them with specific data through the logic of the 
system. The data storage model of this invention facilitates the 
assembly of data from a number of material records to create 
material records for classes and new materials. It also 
facilitates the quick and ubiquitous change of data and 

25 recognition of such changes or the need for such changes by the 
designation of the record's status (e.g., draft, revision, or 
final versions) . 

Once a document is produced in the authoring module 100 is 
can be passed to an optional distribution module 200. There, 

30 hazard documents are identified and distributed based on media 
requirements, preferred languages, and document types. System 
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users can indicate media requirements, languages, and document 
types by interactive computer screen displays. For example, the 
system user can chose to prepare an English- language MSDS or 
safety bulletin and specify whether it is to be distributed via 
5 the Internet, electronic mail, file transfer protocol, a paper 
copy, via facsimile, or downloaded to a computer diskette or CD- 
ROM. The distribution module includes a processor to trigger 
dissemination based on product movements (e.g., sales), 
regulatory events, and document revisions. When such an event 

10 occurs, the appropriate standard document is distributed through 
the cooperation of the processor and the distribution module 200. 
For example, the distribution module 200 may contain a statement 
such as the following: "If the MSDS for product XYZ has been 
revised Then distribute XYZ MSDS to all purchasers of XYZ in the 

15 last three years." The system would then identify the data needed 
to populate aix MSDS, obtain the identified document through 
communicatioii with relational database 500, and i5ignal the 
distribution module ro send the MSDS sheet. Of course, the system 
must have appropriate communications devices and connectivity 

20 equipment to distribute the documents in the media required. For 
example, modems, facsimile software, CD-ROM writers, printers, 
device drivers and other well known associated hardware and 
software are required to enable the full panoply of distribution 
options outlined above. 

25 An optional on-line module 300 is used to communicate and 

distribute hazard information such as MSDS sheets to systems and 
users by remote communication means such as an Intranet or 
through the global information infrastructure commonly referred 
to as the Internet. System users access this module through the 

30 use of a web browser. Once they have entered the system through 
this means the user can indicate preferred languages and document 
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types by interactive computer screen displays. The on-line module 
300 retrieves the document that has been requested from the 
relational database 500 which extracts the appropriate data and 
provides it back to the on-line module 300. Users search for 
5 materials by work area, equipment or by general search, nee a 
material is identified, the user can view and print hazard 
documents using the computer screen displays. Within the module, 
is a file format converter which converts and compiles the data 
into a data stream in ASCII, HTML, RTF or other format which can 

10 be communicated through Intranet or Internet communications 
channels. The data is communicated to the user over the Intranet 
or Internet communications channel used. 

Optional labeling module 400 is used to generate labels to 
be attached to products /product packaging to be transported or 

15 stored. The user indicates the product, container, label types, 
and labej.xng c?;.te by interactive computer screen Labeling module 
400 com*municat«s wich labeling database 410 to popula-e labe.l 
formats with substance information obtained through authorinc 
module 100 and relational database 500. The label format is 

20 completed and compiled in labeling module 400 and communicated 
to the site for which the label will be prepared such as the 
manufacturing facility or shipment facility. These labeling sites 
maintain communications hardware and software for receiving and 
printing the labels communicated to them. For example, the 

25 labeling site can maintain one or more personal computers with 
a local label database and appropriate printers. The label 
information described above can be entered into the personal 
computer by, for example, diskette, through a connected network 
to the labeling module 400, and via Intranet or Internet as 

30 described below. The local label database can also ascribe local 
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data to the labels such as product distributor name, facility 
name, bar coding information, and distribution date. Labels are 
then produced on local hardware such as label printers through 
communication with the local label database. 
5 These four modules are integrated by interfaces that share 

hazard document information between each module. From the 
database schema 500, common data are created, updated, stored and 
retrieved within and between the modules and their components. 
This integration and creation, updating, storage, and retrieval 

10 of data and instructions among modules is referred to herein as 
communication among the modules and processes. The authoring 
module 100 creates hazard documents for all manufactured 
products. The resulting documents of the authoring process 100 
are sent to the online module 300. The online module 300 stores 

15 it own copy of these documents and also stores vendor MSDSs which 
■ are imported into the module from externa!!, data sources {^^o. key 
• entry, ':.h?.rd party data providers). The distribution mod.le .:;Gr 
receives an index of documents from boch the authoring mod'jle 100 
and the online module 300. When sending documents to customers, 

20 the distribution module pulls the documents directly from the 
authoring module 100 or the online module 300. The labeling 
module 400 acquires label content and format from the authoring 
module 100 as a result of the document generation process. Batch 
processors routinely transmit data between modules, typically on 

25 a nightly basis. In this manner, the entire system is 
synchronized so that MSDS and labels contain common hazard 
information as soon as revision are approved during the authoring 
process 100. The changes can be provided to customers, 
employees, and packages in the distribution 200, online 300, and 

30 labeling 400 modules. 
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The authoring module and the process employed by it can best 
be understood by reference to Fig. 2. Each of the functions 
represented in this figure interact with and among one or more 
databases 500. As data is entered or processed in any step, it 
populates or updates data tables in the same manner as that 
described above. This need not occur in one database or any 
central database. Indeed, each process or function shown or 
described can have its own database associated with it and still 
be considered part of database 500. 

In step 105, a system user initiates the creation of a new 
material record. Preferably, this is done through an interactive 
computer display screen as is commonly done in the field of 
computer programming. 

In step 110, material data is entered, preferably through 
interactive computer display screens. Four types of data are 
f^ncered: {ij material information comprising references ".o the 
rr.ateri^ls such as CAS (Chemical Abstract Services; . nujiibervr and 
synonyms, chemical formula, chemical family, and cld.ss .aember (2) 
composition information comprising an ingredient list to include 
minimum, maximum, and typical concentrations of the ingredients, 
(3) business information comprising product codes, trade names, 
and producers, and (4) properties of the material, its components 
and its decomposition products comprising physical state and 
properties such as Aluminum Concentration, Amine Content, 
Aniline Point, Antimony Concentration, Appearance, Argon 
Concentration, Auto Ignition Temperature, Average Molecular 
Weight, Barium Concentration, Base Amine Value, 

Bioaccumulation, Bioconcentration, Boiling Point, Bulk Density, 
Cadmium Concentration, Chromium Concentration, Cobalt 
Concentration, Color, Consistency, Copper Concentration, 
Density, Dielectric Strength, Dif fusivity. Dissociation Constant, 
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Drop Point, Evaporation Rate, Fat Solubility, Film Strength 
Durability, Flash Point, Flex Modulus, Flex Strength, Flow 
Time, Foam, Free Water Content, Freezing Point, Fretting Wear, 
Gear Wear, Glass Transition Temperature, Half life. Hardness, 
5 Heat of Fusion, Heat Value, Henry's Law Constant, Hydrocarbon 
content. Hydrogen Concentration, Interfacial Tension, Iron 
Concentration, Lead Concentration, Load Carrying, Lower Dust 
Explosion Limit, Lower Explosive Limit, Lower Flamability Limit, 
Manganese Concentration, Melt Index or Melting Point Ra, Melting 

10 Point, Mercury, Metal Corrosion, MIR, Mobility, MOIR, Molecular 
Weight - Daltons, Molecular Weight < 1000, Molecular Weight < 
500, Molybdenum Concentration, Nickel Concentration, Number 
Molecular Weight, Octanol/Water Partition Coeffi, Odor, Odor 
Threshold, Oil Content, Organic Carbon Partition Coeff, 

15 Oxidation Stability, Paricle Size Distribution 0-20, Particle 
Size, Particle Size Distribution <x, Fe:v'.r.ra':ion Needle, 
Penetration Unworked, Penetration Worked, oK, Polar, Pour 
feint. Refractive Index.- . Rubber Swell, Saturated Vapor 
Concentration, Selenium Concentration, Shelf Life, Shipping 

20 Temperature, Silver Concentration, Softening Point, Soil/ 
Sediment Partition, Solubility (in Water), Solubility (Mac Kay), 
Solubility (Other) , Solvent Separation Test, Solvent/Solids 
Concentration, Sorption, Specific Gravity, Stability, Static 
charge. Storage Temp, Strontium Concentration, Substances not 

25 part of the pre. Surface Tension, Tensile Strength, Tin 
Concentration, Total Acid Number, Total Base Number, Total Water 
Content, Ultra Violete Absorbance, Upper Dust Explosion Limit, 
Upper Explosive Limit, Upper Flamability Limit, Vapor Density, 
Vapor Pressure, Viscosity, Viscosity Index, Volatile Organic 

30 Compounds (VOC) , Volatility, and Water of Saturation. 



- 12 - 



wo 99/59094 



PCTAJS99/ia296 



A description of the interactive screen displays of the 
preferred embodiment of this invention appears at the end of the 
detailed description of this specification. 

Authoring module 100 further comprises a deblending analyzer 
5 115 and a substance processor 120 to produce hazard information 
of blends, materials derived from the original material being 
considered such as decomposition products, and hazard information 
for materials that are related to another material being 
analyzed. As the material data is entered, the system populates 

10 data tables in the database 500. All material data is linked by 
the material ID, an internal sequence number for each material. 
Components, decomposition products and classes are stored as 
materials and have a unique material ID. All hazard data, 
developed .in the data association process 125, is linked to a 

15 material ID. Each hazard document is linked to a material. This 
data structure supports the generation of ro iple documents from 
a -ingle material. Additionally, change? t :> :\ materi?.! chat is 
an ' ingredient can automatically be cascaded throughout the 
database using material ID. The system enforces referential 

20 integrity to ensure that every material ID is valid. 

Entry of data into the data fields applicable to blends and 
decomposition products, as will most often be the case, initiates 
deblending processing 115 and substance processing 120. These 
processes are linked to a command to execute routines to perform 

25 the deblending and substance processing algorithms. 

In the steps of deblending processing 115 and substance 
processing 120 decompiled hazard information is created. 
Decompiled hazard information is hazard information about a 
material, hazard information about the components of the 

30 material, hazard information about materials derived from the 
original material being considered (e.g., decomposition 
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products) , and hazard information for materials that are related 
to the material for which the material record is being created. 
Each component and decomposition product of a material is also 
a material in the database 500 and is associated with a unique 
material ID. 

The deblend analyzer 115 populates a data table with the 
list of base level ingredients. To deblend each component, the 
processor pulls forward the base level ingredients of the 
component. It then aggregates these base-level materials with the 
base-level materials of the remaining components. The "purpose 
deblend" separates components by purpose before the aggregation 
step. 

Where, for example, substance A is a mixture of substances 
B, C, and D and substance D is a mixture of substances E & F, 
deblending processing is the deconstruction of the mixture 
components. In subsequent steps chis will be used to determine 
whether the substance as a whole is likely to be toxic based upon 
the status of .its components and . sub- components and their 
interrelationship. If the user indicates that deblending is 
necessary, the user is queried to provide the type of analysis. 
In the preferred embodiment of the invention, analysis types are 
summary deblend (analysis of the batch formulation of the 
material) , total deblend (a complete analysis of all mixture 
components) or a purpose deblend (an analysis based on a 
predetermined category of mixture components such as "impurity" 
or "raw material") . Intermediate mixtures of materials are 
assigned a designator such as "SI" (system ingredient) . A 
separate record is created for each such intermediate mixture and 
tagged for association with the final mixture. The intermediate 
mixture material records are used in the purpose deblend and 
total deblend analysis. In one embodiment of this invention. 
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this process is conducted by a computer programmed routine for 
running MacKay Level 1 equations. These equations are used to 
model the distribution of a chemical in a hypothetical "unit 
world." This approach assumes that the chemical has no reactivity 
5 (i.e., it does not react, degrade, etc.) and that the "unit 
world" is at equilibrium. 

This method accounts for the differential treatment of a 
material depending upon its quantity in the blend and its purpose 
as a component (e.g., the presence of some toxic materials only 

10 as an impurity may not render the mixture "toxic" according to 
certain regulatory schemes) . The material records and SI records 
are ultimately processed through rule engine processing 155 with 
additional rules applied to account for the type of blend being 
considered. . The resulting total deblend and purpose deblend 

15 compositions drive analysis and processing for association of the 
data with regulatory information to produce hazard information.. 

Substance processing 120 occurs via inter-linked compucer 
programming routines comprised ..of a number of coprocesses . 
Substance processing 120 uses the results of the deblend analysis 

20 115 to preprocess hazard information prior to data association 
125. The result of substance processing 120 is the population 
of data tables associated with links to certain hazard 
characterization that is further associated with hazard 
information and judgments about such association in data 

25 association step 125. Additionally, output from exemplary 
substance process subprocesses 121, 122, and 123 independently 
populates data tables with a link to material records so that in 
some cases they may be pulled forward for document generation and 
dissemination . 
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Upon completion of deblend processing 115, the user is 
guided through a series of queries in regulatory applicable 
components subprocessing (RAC) 121 to determine whether the 
material or its components are subject to various regulatory 
5 categories such as state regulations, inventory reporting 
requirements, environmental regulations, and toxic substance 
control reporting requirements. An example illustrates the RAC 
subprocess. In this example, data are stored for two materials: 
a single component material such as benzene, and a mixture such 

10 as gasoline which contains benzene. For a single substance 
material, there are no components and so no component records 
would be created. A material regulations element data table in 
relational database 500 would be populated but another data table 
for components (a component regulations element table) would be 

15 blank. For a mixture such as gasoline, there may be regulations 
which specifically l?.st the raixture as a regulated material. More 
commonly, the mixture may be regulated because it contains a 
regulated component such as benzene. RAC processing 121 makes 
this distinction and populates a data table for components if 

20 necessary. Thus, the data table associated with material 
regulations would be populated for both single substance 
(benzene) and mixture (gasoline) but the component data rows 
would be populated only for the mixture (gasoline) using the 
record previously stored for benzene. 

25 RAC processing 121 functions by comparing the components 

relating to a material record to a data list of regulated 
components. If the component of the material being considered 
appears on such a list, RAC processing associates the material 
with the regulated component. This association is linked to a 

30 command which causes a data table of regulated components to be 
populated. This data table is further compared to a data table 
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of values of component concentrations which, if present, must be 
reported. This is done via reportable quantity/threshold planning 
quantity (RQ/TPQ) subprocessing 121a. This subprocessing routine 
calculates the quantity of a component that must be spilled, 
5 released, present, or associated with some type of incident in 
order for an event to be reportable to regulatory agencies. If 
the component in the component data table contains greater than 
the threshold quantity of the given material or component in 
question in subprocessing 121a then a further association is made 

10 and an additional data table is populated. Ultimately, this data 
table will be used in document generation. 

In marine pollutant component subprocessing 122, each 
component element identified above is subjected to further 
analysis to determine the degree to which it may be characterized 

15 as a marine pollutant. A data table in relational database 500 
is populated with li.-^r.s of materials which are characterized as 
marine pollutants according tc regulatory schema or. available 
testing data. For each component, there may be zero., one, or more 
than one marine pollutant component (MP Component) .Using the 

20 summary composition, the processor calculates the marine 
pollutant (MP%) and priority pollutant (PP%) percentage 
contribution of each component to the overall material. In the 
preferred embodiment, these data are associated with tags to 
indicate whether a given pollutant is a priority pollutant. If 

25 the component is a priority pollutant then a concentration of one 
or more weight percent of the component causes the material 
record for the material comprised of the component to be linked 
to a data table of marine pollutants. If the component comprises 
10 weight percent or more of a pollutant which is not a priority 

30 pollutant the same result is caused to occur. 
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In employee protection preprocessing 123 exposure limits are 
initially defined for a particular material record. This exposure 
limit is then "pulled forward" when the orig'inal material appears 
in the total deblend composition of another material record via 
5 a link between the two. 

This employee protection preprocess occurs as follows. Each 
row in the composition^data table generated during deblending is 
annotated with code that associates an indicator that a material 
or its components or decomposition products has been regulated. 

10 This occurs when the material is linked to another material 
record and that material • is directly regulated. The relevant 
exposure limits are determined for a material by examining the 
total deblend composition and retrieving the limits for those 
materials (i.e., limits with the same short name as the total 

15 deblend composition rows) . 

In order to cjenerate the proper relationship code for earh 
limit, the application determines whether a row has b^en selected 
as a result of component relationship or if the l-imiu was defixied 
for the active material. Based on this calculation the 

20 application inserts the corresponding code in a relation column 
of a data table for the preprocessor. If the active material is 
equal to the exposure limit in the selected row of the 
preprocessor data table this means that the exposure limit was 
defined for the active material. In this case the limit row is 

25 marked with a relation code of ^^MA" . If the active material is not 
equal to the exposure this means that the exposure limit was 
defined for a component material. In this case the limit row is 
marked with a relation code of "CO" . The preprocessor copies the 
base values (both % weight and % volume) for the maximum 

30 concentration from the each row in the total deblend composition 
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to hidden columns in a datatable to be subsequently used during 
employee protection recommendation process 126. 

Each of the preprocessing and coprocessing steps above also 
contain programming code that will analyze decomposition products 
5 in an analogous fashion. For example, relevant exposure limits 
based on the decomposition products that have been defined for 
the active material are identified. The preprocessor then 
examines the decomposition products assignments made for the 
material in the data table for decomposition products. It then 

10 identifies any cases where a decomposition product has been 
related to a material record. If links to material record (s) 
exist, the processor retrieves exposure limits by comparing the 
short names from the reference table to the short names in the 
data table for exposure limits. If any of the names match, the 

15 relevant exposure limit is pulled forward in the same way the 
component delta is pulled forward. 

In substance processing 120 relationships carx also be. 
defined to acccunt for the interaction. of the ingredients of 'ihe 
blend. For example. Material A may decompose into components B 

20 and C after storage at 22°C for more than one year. Known 
relationships between final decomposition product concentrations 
and physical properties of the resulting mixture (e.g., boiling 
point elevations attributable to a dilute solution of solute B 
in solvent C) can be used, to determine the physical properties 

25 and related hazard information after a period of time under a 
given set of conditions. 

Alternatively, such relationships can be defined according 
to models which will predict the decomposition products and their 
concentrations based upon predicted conditions such as time and 

30 temperature. For example, a library of chemical reactions can 
be constructed. Depending upon the desired degree of 
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sophistication of the models, one can associate kinetic, 
thermodynamic, catalytic, and other data to the chemical 
reactions stored in the library. A library of modeling routines 
can then be compiled which relate the chemical reaction library 
5 to decomposition products and their concentrations; blend 
components and their concentrations; type, size, and composition 
of storage or transport vessels, expected temperature and 
physical conditions, and time of storage. The modeling routines 
could then be run to determine the most likely composition of a 

10 material stored or shipped under the conditions indicated. 

Thus, upon completion of substance processing 120 data 
tables are populated which relate material components and 
decomposition products with regulatory status, reportable 
quantity data, pollutant characterization, and employee 

15 protection requirements. 

The aforementioned processes in which material records are. 
created for each material, component,, decomposition product, and 
related n-iaterial is referred co herein as data decompilation. 

In data association step 125 the system user is guided 

20 through an inquiry process in which all of the data elements of 
a material record organized by the material entry step 110, 
deblend process 115, and substance process steps 120 are 
subjected to a process of regulatory pre-evaluation . That is, 
the program directs the system user through a series of judgments 

25 required by regulations relating to hazard information. At the 
completion of the aforementioned process in which each data 
element which has been decompiled and is then subjected to a data 
association process, all of the data of all material records 
relating to a material, its components, decomposition products, 

30 and related materials is associated with hazard communication 
data. Upon association of the material records with the data 
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produced in the data association process 125, each such 
association is assigned a data code. 

The material records are then processed in the rule running 
process 155. The rule engine which performs the rule running 
5 process is a set of predetermined or programmed rules which are 
applied to the material records so that standard phrases are 
associated with the substance in the communication produced by 
the system (e.g., MSDS sheet or product label). A sequence of 
computer programming instructions assign standard phrases to the 

10 material records. This associates the outcome of each 
application of a rule criteria to each material record and the 
time at which the rule was last run. If the rule criteria or 
material record is changed, the process can be rerun to ensure 
that 'the assignment of the outcome of the application of the rule 

15 and the standard phrase pertaining to that outcome are current. 
Processing material records through the rule engine creates 
. consistency in the content of -hazard documents .^nd label?., that 
hats, not previously been attainable. 

The rule engine shown processing associated data in 155 is 

20 preferably an open system in which rules may be defined by the 
user. In the most preferred embodiment of this invention, the 
rule engine ascribes the following types of attributes to the 
material record to which it is applied: material description, 
composition, physical and chemical properties, regulations, 

25 transportation classifications and requirements, toxicology 
regulations, environmental toxicology regulations, employee 
protection measures, and labeling information. 

Rules are comprised of one or more rule criteria statements. 
Rule criteria statements are logical boolean statements 

30 (preferably, true or false) . Complex criteria can be created from 
combinations and relationships among individual rule criteria 
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statements using logical operators such as "AND", "OR", "NAND" 
and "NOR" statements. For example, the user may wish to prescribe 
the following rule: If the material is regulated by the 
Department of Transportation and has a primary class/division of 
5 3C (Combustible Liquid) and is not a Marine Pollutant and the 
material does not contain a DOT Hazardous Substance or the 
. smallest reportable quantity for a Hazardous Substance is greater 
than or equal to the weight of 119 gallons, then print the 
standard phrase "This material is not regulated under 49 CFR if 

10 transported in a container of 119 gallon capacity or less" in the 
Transportation section of the Material Safety Data Sheet and the 
Transportation Advice Card. Rules can also be created based upon 
mathematical scaling, curve fitting, and/or modeling using, for 
example, the methods set out in U.S. Patent 5,724,255 (Portable 

15 Emergency Action System for Chemical Releases) which is 
incorporated herein by reference. 

The system may be used in different countries or by people 
who 3peak different languages. It is a nontriviai mattc-:r that 
the rule engine processing 155 accurately produce the message 

20 intended by the construction of the rules. This can be 
accomplished in a variety of ways. The rule engine can be 
constructed so that the output of each rule application is 
provided in the target language in which the system will be 
applied. This approach is preferred when the hazard 

25 communication regulations change in a particular country. 
Alternatively, a separate translator may be combined with the 
rule engine so that the output of rule engine processing 155 is 
subsequently treated to translation in one or more languages 
different from that of the rule engine itself. For example, a 

30 Spanish language MSDS for US -based workers will use the same OSHA 
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rules as those used to prepare the English language MSDS and will 
apply translations after running the REP. 

The rule engine comprises a series of computer programmed 
routines in which the data codes or underlying hazard data are 
5 compared to one or more boolean expressions to determine whether 
they satisfy a given condition. The routines are drawn from user 
defined rules 160. Each data code or underlying hazard data is 
substituted for one or more variables used to form the logic of 
the expression. Satisfaction of the condition against which the 

10 data code or data is being evaluated causes a link between the 
material record and a hazard communication phrase in a database 
of phrases, the phrase library 165. For example, after conducting 
the data association process 125, it may be determined that a 
material component has an LD50 at SOppm for lethality by 

15 inhalation and that breathing apparatus are required when working 
the material component. This may be assiccied a data code, X to 
categorize its LD50 value and a data code Y to represent employee 
protection measures required. A value L may be assigned to 
represent the quantity of material kept on hand. This data is 

20 then subjected to rules from user assigned rules database 160 
which reads: "If LD50 > X and Y and Inventory on hand > Z then 
'Material is highly toxic, breathing apparatus required'". 

Once a material record is assigned a phrase by rule running 
process 155, the system user finalizes the hazard information in 

25 step 170 by viewing the association of the phrases with documents 
such as MSDSs contained in document template database 175. The 
association is completed by acceptance of the final form of the 
documents for a given material in document generation process 180 
subsequent storage to the documents in document database 190. 
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In document generation process 180 documents are prepared 
based upon pre- formatted templates or user defined documents. 
In either case, a document form is first defined by linking 
document objects. A document object is a block of information 
5 and/or logical expressions including text or graphics that 
pertains to a document. It is comprised of one or more 
expressions that combine data items with logical operators, 
functions, and constants to produce a single value or a table of 
values. Document objects can be singular or tabular, graphics 

10 or text and can produce lists of items. Document objects include 
logic to compute new data values from data items in the database. 
For example, one can define an object joining a table of values 
associated with a material with the short names for each of the 
materials and their components to which they are associated. One 

15 can then, join this object to a unit of measure table to provide 
descriptions for each concencrat ion unir. of measure code. A 
logical expression can be joined to this table object to screen 
for only those objects having more or less than a particular 
threshold concentration value. This could be used, for example, 

20 to check for benzene concentrations above a certain level and 
populate MSDS sections requiring this information. 

Document forms can be modified by changing particular 
document objects. Thus, when a regulation changes, one can 
modify the document object which affects the computation or 

25 communication driven by the regulation. Each individual document 
and table need not be affected. For example, if the regulations 
upon which the document object described above required reporting 
a lower threshold concentration value for benzene, one need only 
modify the document object containing the logical expression for 

30 screening concentrations. The underlying data tables and other 
related document objects need not be affected at all. This 
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process is facilitated by document registration. This is the 
process in which the document form, comprising document objects 
and references or tags pointing to them, is saved to a database 
in the authoring module. The authoring module then creates an 
5 identification of every document form, document object, and every 
document tag. The user need only access the document register 
to identify the object to be modified and then modify it. 

The documents produced in this process can be printed or 
prepared as output from the document generation process (e.g., 
10 printed on hard copy and manually distributed) or it can be 
distributed via distribution module 200 as described below. 



The document generation process is preferably conducted 
using native SQL applied to relational database 500. 



referred to herein --^s recompilation . 

Fig. 3 illustrates the data association process 125 in the 
detail necessary to more fully understand the invention and the 

20 example. In each process and subprocess of the data association 
process 125 the system user is guidec: through a process in which 
each data element of a material record is considered against well 
accepted formulae and evaluations required by different 
regulations relating to hazard communications. The system is 

25 programmed to conduct these inquiries based upon existing 
regulations such as Australian Inventory of Chemical Substances, 
California Prop 65, California State Hazardous Substances List, 
California State Right -to-Know, China Inventory, China Product 
Registration, Clean Air Act, Clean Water Act, Comprehensive 

30 Environmental Response, Compensation and Liability Act, 
Connecticut State Right -to- Know, Connecticut Toxic Substances 

- 25 - 
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The aforementioned processes in which phrases associated 
with a macerial recc.rd are formed into a final document is 
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List, Department of General Medicine, Direct Food Substances 
Affirmed as Generally Recognized as Safe (Subpart B) , Domestic 
Substances List, Emergency Planning and Community Right -To-Know 
Act, European Inventory of Existing Commercial Chemical Sales, 
5 Florida Right -to-Know Hazardous Substances, Florida Substances 
List, Florida Toxic Substances Right-to-Know Reporting, Food 
Additives Permitted For Direct Addition to Food for Human 
Consumption (Subparts B-I) , Food Additives Permitted in Food: 
Interim Basis or Pending Additional Study (Subpart B) , German 

10 Inventory, Hazardous Substances and New Organisms Bill (?) , 
Hazardous Substances regulated by DOT due to CERCLA listing by 
EPA, Illinois Toxic Substances Disclosure to Employees Act, 
Indirect Food Additives: Adhesives and Components of Coatings 
(Subparts B-C) , Indirect Food Additives: Adjuvants, Production 

15 aids, and Sanitizers (Subparts B-D) , Indirect Food Additives: 
General- (no subparts). Indirect Food Additives: Paper and 
Paperboard Components (Subpart 3) , Indirect Food Sub.r.tances 
: Af iiriued as Generally Recognized ;as Safe (Subpart &• , Indirect 
Food: Polymers (Subparts B-C) , Industrial Chemicals Act, 

20 Irradiation in the Production, Processing and Handling of Food, 
Japanese Chemical Substances, Korea Inventory List, Korea 
Registered List, Louisiana Right- to-Know Reporting List, Maine 
Right -to-Know List, Massachusetts CONEG, Massachusetts Right -to- 
Know Substance List, Michigan Critical Materials List, Minnesota 

25 Right-to-Know List, New Jersey Right-to-Know Substances, New York 
Acutely Hazardous Substances, New York Release Reporting 
Substances, Non-Domestic Substances List, Pennsylvania Right-to- 
Know Hazardous Substances, Philippine Inventory of Chemicals and 
Chemical Substances, Prior- Sanctioned Food Ingredients (Subpart 

30 B) , Resource Conservation and Recovery Act, Rhode Island 
Hazardous Substances Right-to-Know Act, Rhode Island Right -to- 
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Know Act Hazardous Substances, Safe Drinking Water Act, Secondary 
Direct Food Additives Permitted in Food for Human Consumption, 
Substances Generally Recognized as Safe (Subparts A-I) , 
Substances Prohibited From Use in Human Food (Subparts B-C) , - 
5 Super fund Amendments and Reauthorization Act - Section 302, 
Superfund Amendments and Reauthorization Act - Section 313, 
Superfund Amendments and Reauthorization Act ~ Sections 311/312, 
Swiss Listing of toxic Substances for Manufacturing and 
Marketing, Test: California Process Safety Management, Thailand 

10 Inventory, Toxic Substance Control Act, Toxic Substance Control 
Act Inventory List, Toxic Substances Control Act, Transitional 
Chemicals, and United States Department of Agriculture. 

In data association process 125, the presence or absence 
of particular parameters of a material record triggers the 

15 application of a rule to that record which then requires the user 
t.o interact to conduct the analysis through an interactive- 
. computer display screen. These processes permit the approximation 
or evaluation of a material, ofte or more of its components, its 
decomposition products, or a related material based upon the data 

20 from the original material record. For example, where no 
environmental fate data is available for a mixture containing 
components A and B, the application of well accepted formulae 
incorporated into environmental regulations will be applied to 
A and B to populate a material record for the environmental fate 

25 of the mixture itself. The system user can also apply judgment 
to the process to ensure that irrational results are not 
obtained. For example, if a mixture contains a highly toxic 
component at a very low concentration, the user can determine 
whether such a low concentration negates the toxic 

30 characteristics of the component. The user can then cause {via 
direct input) the material record to reflect this judgment for 
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the mixture as it is prepared, used, stored, and/or transported. 

The system queries the system user about information 
necessary to make employee protection judgments in employee 
5 protection processing step 126. This is done through three 
subprocesses . The occupational exposure limits subprocess 127 
and the decomposition occupational exposure limits subprocess 128 
use the results of substance processing 120 to identify regulated 
exposure limits for the material, its components and its 

10 decomposition products. For example, in a mixture of component 
A and B, component B may have a short term exposure limit of 10 
ppm as defined by OSHA. Subprocess 128 would be triggered by the 
output of substance processesing 120 and deblend processing 115 
indicating the mixture contains greater than 10 ppm of component 

15 B. Subprocess 128 would then query the user to apply judgment 
to* i-J.etermiixe whether the form in which the mi:.uu:..-e i.^ prrcuced 
and stored requires that the mixture be considered to fa.il withi?: 
the short term exposure limit. The 'cser can then accept or 
change the proposed association the short term exposure limit 

20 with the material record for the mixture. Subprocess 128 would 
perform a similar process based on the decomposition products of 
mixture A or component B. In personal protection subprocess 129, 
well accepted formulae incorporated into or required by 
regulations are applied to the data to determine whether 

25 particular employee protective measures are required for handling 
any material with which a material record is associated such as 
a mixture, its components, siblings of those components, 
decomposition products of the material and its components, or 
other related materials. For example, the system may indicate to 

30 the user that material X contains lOppm Y and that regulations 
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require a warning that glove protection is required when handling 
more than lOOppm Y, The system user will be queried to provide 
information that can be used to make a judgment about whether the 
concentration of Y may necessitates the attachment of that 
5 warning on labels and documents concerning material X. This 
could include questions about the storage conditions of material 
X since this (combined with existing information about 
volatility) can affect concentration of products Y and Z. The 
system user may also be advised of recommendations proposed by 
10 the system for the use of protective equipment such as goggles, 
gloves, respirators, and safety suits. Such recommendations are 
generated links to the combined output of subprocesses 127, 128, 
and 129. 

In regulatory and inventory review process 130 the user is 

15 guided through the state regulations 131, inventories 132, 
environmental regulations 133 and TSCA/Ofhor regulations .134, 
subprocesses to determine whether each riaterial, compon^^at. and 
decomposition product are listed in corresponding governm^ental 
regulations or are regulated. The regulatory applicable 

20 components subprocess (RAC) 121 identifies regulated materials 
and calculates reportable quantities. For state regulations 
subprocess 131, the RAC processor automatically determines the 
applicable regulations using the total deblend composition. The 
user cannot change these results. For example, the system will 

25 list the different state regulations that include a component 
such as benzene. In the inventories subprocess 132 and TSCA 
subprocess 134, the RAC process pulls forward the inventory 
status of components using the summary composition but does not 
associate any data with the material. The user is expected to 

30 review this information and determine the inventory status of the 
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material. For example, the user can view the inventory status 
of benzene and other components to determine whether the mixture 
is already covered on the inventory list. In the environmental 
regulations subprocess 133, all component regulations are 
5 determined automatically by the RAC process based on the total 
deblend composition. However, the user must manually select which 
of these records apply to the material . During the regulatory and 
inventory review process 130 these results are marked with the 
material record as "reviewed" and "regulated" or "not regulated". 

10 For example, the user can indicate the mixture .is regulated by 
states but is not regulated under the TSCA. 

In ecotoxicology and environmental fate assessment process 
135 the system user is guided through ecotoxicity subprocess 136 
to determine whether the material, its composition, or its 

15 decomposition products cause environmental effects to plants and 
3iquatic life based upon known characterif^tics and material 
testing. Test results are entered into the systeva by a valid 
exposure and sub-class combinEitipn or they are pulled forward 
from the component records to the material. The environmental 

20 fate subprocess 137 which operates in a similar manner to the 
ecotoxicity subprocess 136, determines the ultimate impact on the 
environment should the material, its components, or decomposition 
products be released. The system determines the environmental 
hazard effects, such as aquatic toxicity, by comparing test data 

25 (e.g.. Lethal Concentration studies for 50% of a population of 
fish) or data for related materials with rules prescribed by the 
appropriate regulations. The data is entered through the system 
screens and stored in the database 500. 

The system user is also guided through toxicology assessment 

30 process 140 to associate human health effects of materials with 
the material record. This is done through the acute effects 
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subprocess 141 in which well accepted formulae incorporated into 
or required by regulations are applied to the data to determine 
the severity and type of effects that are expected upon contact 
with any material with which all of the material records are 
associated with the data are found. For an acute effect such as 
oral lethality, the system user enters test results data that 
show the concentrations required to kill 50% of population of 
mammals such as rats. If no test data is available for the 
material, the system user typically selects data on the component 
with the lowest concentration. The logic of the subprocess 
associates the data with the reporting requirements for the 
material and all related material records. Additionally, the 
chronic effects subprocess 142 applies well accepted formulae 
incorporated into or required by regulations to the data to 
determine whether long term effects are expected with all of the 
material records associated with the dc;ta. ["or example, studies 
f or . both components of a mixtur-? may yden^-ify long term 
carginogenic effects of the mixture icself . The chronic effects 
in particular target organs relating to materials and their 
components are associated with material records in subprocess 
143. In the toxic effect matrix subprocess 144, the system user 
identifies the studies and chronic results to attribute to the 
material. Through the data association conducted in this 
subprocess, a toxic effect summary statement is constructed and 
associated with the material records. 

In transportation classification process 145 similar 
processes to those already described are applied to classify the 
materials, their components, siblings of those components, 
decomposition products, and related material for shipping and 
transportation warning documentation. In classification 

subprocess 146 the domestic and international classification 
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schemes are applied against material records to associate 
labeling instructions and shipping papers such as designation as 
a "hazardous substance", assignment of a shipping number on truck 
markers and the like. For example, the user can classify the 
5 material as "hazardous-flammable" for land transportation and as 
"restricted" for international air transport. In DOT oil 
subprocess 147 material records are evaluated to determine 
whether mixture is to be considered an oil and how it is to be 
treated (e.g., precautionary measures required for water 

10 transportation) . The components and mixture are evaluated to 
determine the existence of DOT hazardous substances in subprocess 
148. The RAG 121 preprocesses this information. In marine 
pollutant subprocess 149 material records are associated with 
evaluations to determine whether any material associated with the 

15 record or any particular amount of a mixture containing such a 
material would be characterized as a ;r:arine pollutant. The 
system user can calculate the marine pollutant and priority 
p-ollutant percentage using marine pollutant comoponent 
subprocessing 122. For example, if 10% of a material is 

20 considered a marine pollutant, then the user can mark the 
material record associated with the material as a marine 
pollutant. This marker stays associated with the material record 
for subsequent use in rule processing. The user can also enter 
the results of test data. The freight information subprocess 150 

25 identifies the freight mode and class required or desired for 
each trade name of the material. This information can be used 
to calculate shipping fees. 

In labeling and container assessment process 151 the system 
user supplies the system with information about the container and 

30 shipping methods which are expected to be used with a material 
and how much material will be present in those containers. The 

- 32 - 



wo 99/59094 



PCT/US99/10296 



label format assignment subprocess 152 stores user entered data 
on the specific types of labels for the material. Label formats 
will vary based on container (e.g,, drum) and agency (e.g. DOT) . 
Data is entered in this part of the process through material 
5 container assignment subprocess 153, again preferably through 
interactive computer display screens. These data records are 
then associated with regulatory instructions for the treatment 
of the materials in containers of the type to be used and 
information for labeling those containers. For example, the 

10 standard fill amount of a specific container is used to determine 
whether the container contains a reportable quantity of a 
regulated chemical. If component A of a mixture must be reported 
to a government agency if 100 gallons or more of the mixture is 
spilled, then a 55 gallon drum would not include this reportable 

15 quantity while a rail car load would. This container assignment 
subprocess 153 completes r.he data a£;3ociation process 125 of the 
preferred embodiment of thir? invention. 

In the preferred embodiment or this invention, the system 
is programmed to operate in a cooperative processing environment 

20 using a combination of client/server and web system 
architectures. Figure 5 shows the preferred technical 
architecture of the system. Users access the system through 
application software on a desktop computer (all modules) and 
through a web browser for the online module 300. In both cases, 

25 the client workstation supports the Windows operating system 
(3.x, 95, 98, NT) and runs the TCP/IP networking protocol and 
Intel-based personal computers. In the client/server 
architecture, screens for user interaction and selected logic 
processing runs on the client desktop. 

30 All data is stored in the database server, a dedicated 

workstation running relational database management system RDBMS 
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software and the UNIX or Windows NT operating system. The system 
will run with lead RDBMS products such as Oracle databases, 
Microsoft SQL Server and Sybase SQL Server. Each module has its 
own database . 

The system also includes an application server, preferably 
running in Windows NT, to operate the distribution module 200 and 
to support other computational processing such as rules and 
document generation. This server runs specific application code. 

The final element is the web server to support employee 
access to the online module 300. The web server provides general 
access across heterogeneous computing environments and minimizes 
software deployments to desktops. The server preferably runs 
under UNIX or Windows NT, includes a RDBMS or links to a database 
server, runs web server software such as Microsoft's Internet 
Information Server, and includes the web applications and 
appropriate extensions for z'ue web server. 

The interactive. screen Hisplays of che preferred embodi:a62:it 
of this invention include: 

Material fif^ai-rh Screen . Allows users to search the database 

for a particular material record. Interface for adding, 

editing, and deleting system materials. 

Compositio n c^^^^nh Screen. Used to enter compositional 
information on which to search for matches or like 
materials. Used to facilitate data entry of material 
composition information . 

Delete Processor Screen . Removes a material record from the 
database . 

Co py Pronf>gfinr Screen . Creates a new material record based 
on the values from a related material record. The system 
user may chose such a material that is related based upon 
user judgment or programmed logic which searches other 
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material records for similarities to the attributes or 
properties of a material for which information is sought. 
Revision Processor Screen . Communicates a command to create 
a revised record for a material record which has been 
completed (i.e. a final record) or is no longer produced, 
stored, sold, or transported. 

Material Information Screen. Used to enter general 

descriptive information about a material, and to associate 
a material to a data group and, if appropriate, to a 
material class. 

Composition Screen . Used to enter the components that make 
up a material, including the concentration of each 
component, its purpose in the material, and the information 
that should print for the component on hazard documents. 
Composition Commen t- Pnp-un Screen. Used to enter or view 
comments related to specific composition types. 
Cc ^pY Comp o.^^it-Mrmg ^creen . Allows users to construct a. 
composition based on parts from other composition cypes. All 
or part of a composition may be copied to a different 
material record. For example, a user may copy all or some 
information about benzene into a material record for 
gasoline by instructing the system to do so. 
Component Print Informat ion Screen. Used to enter print 
information for component rows in the Purpose Deblend 
composition type. 

Trade Name .c. Screen. Interface used to enter trade name 
information about a material. Each material record has one 
"product" trade name that is used on documents to identify 
the material. This name is associated with a company and is 
assigned to a document group number. When a material is 
rebranded, "rebrand" trade names can be defined. Each 
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rebrand trade name is also related to a defined company and 
document group number. 

Product Code Ass±q r}mf^rMr Screen. Interface for assigning 
product codes to the trade name after it is defined on the 
5 Trade Names Screen. These assignments determine the product 

codes that print on documents generated for that material 
and company header. The company associated with the trade 
name differentiates product codes, meaning that the same 
code can be assigned to more than one company for the same 

10 material. 

Product Use Ass j grnpf^nf, Screen. Used to enter data to 
associate a trade name to relevant product uses. 

Trade Nam^ Information Sgrgen. Used to enter business 

classification values for a trade name, such as API and RFG 

15 codes. 

Synonyms .Screen . Used to enter data to define alterr^ate 
naming information for a material. 

Physical /Ch ^ m .^n;=^ > Properties (Record VifeW) Screen. This 
screen is the primary means used to enter and view property 
20 data associated with a material. 

Bibliograp hic References Screen. Allows the user to 
associate bibliographic reference information and a 
reference date to a property record. 

Decomposition Pr ndncts Screen. Used to input data and 
25 judgments about data used to make decisions on the 

decomposition hazards associated with a product based on 
information stored about its summary components. Permits the 
user to view the decomposition products data stored for the 
summary level components. Based on professional judgment, 
30 the user can associate any or all of these hazards to the 

material, or add new hazards. 
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Hazard Summ ary Questions Screen, Allows the user to enter 
and view responses to Yes/No questions which provide 
characteristic information about materials, and store 
comments specific to each question describing how the 
determination was made for that material. 

Summary Screen . Provides a summary of the material:' s 
regulatory status for each of the four areas in the 
Regulations topic area: State Regulations, Inventories, 
Environmental Regulations, and TSCA. The user designates 
whether each subject area is applicable to the material. 

State Regulations Screen. Allows users to identify 

component materials that are subject to state regulations 
and enter state regulatory data applicable to the active 
material . 

Additional Reaulat r>vY n^ta Screen. Used to enter and store 
additional regulatory information associated with a specific 
material and specific regulation in the State Regulations, 
Inventories, Ziinvironmental Regulacions, and 'L'SCA 
subprocesses . 

Inventories Screen. Allows users to identify materials that 
must be inventoried and reported to regulatory agencies. 
Applicability of a material is based on two conditions: 1) 
whether the material itself is subject to inventory 
regulations; or 2) whether the material contains 
component (s) that are subject to inventory regulations. 
Environmental Regulations Screen., Allows users to identify 
materials that are subject to environmental regulations. 
Applicability of a material is based on two conditions: 1) 
whether the material itself is listed in the regulations; 
or 2) whether the material contains a component that is 
subject to the regulations. 
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TfiCA Screen . Allows users to identify materials that are 
subject to the non- inventory portions of the Toxic 
Substances Control Act (TSCA) .regulations. Applicability of 
a material is based on two conditions: 1) whether the 
material itself is listed in the TSCA regulations; or 2) 
whether the material contains a component that is regulated 
by TSCA. 

riassifica f inn Screen. Allows users to specify the 
regulatory status of a material and classify the material 
according to DOT and other regulatory agency classification 
protocols . 

DOT Oil Screen . Used 
to enter information to determine whether the material is 
classified as an oil under DOT regulations. Determination 
is made using the quantity of oil in each of the summary 
.-zomponenus of a material. 

H^^zardous .gnhc^fances Screen. A modified version of the 
Environmental Regulations Tab., which is used to store- 
similar data on regulatory applicability of hazardous 
substances, primarily from DOT regulations. The regulatory 
applicability of a material in this tab is based on two 
conditions: 1) whether the material itself is subject to the 
regulations, and/or 2) whether the material contains a 
component that is subject to the regulations. 
Hazardous flnh.csfances Aririitional Data Screen. Enables entry 
•of additional regulatory information associated with a 
specific material and specific regulation. 

Marine Pol 1 iit-^ntR Screen . Used to enter data to determine 
whether a material qualifies as a marine pollutant based on 
the marine pollutant classifications of its components. 
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Freight Information Screen, Used to enter data to identify 
freight information for each product trade name within a 
material. Information provided includes identification of 
the freight shipping modes (e.g., tank car, tank truck) and 
the hazardous goods classification code, if applicable. 
Material G EL (Qccupati nnal Exnosure Limit) Screen . Used to 
view the exposure limits for a material. The screen 
displays the selected limits by qualifier, country, and 
filter concentration. 

Decomposition OEI. Screen . Used to view OELs assigned to the 
material because of its decomposition products. 

Personal Protect ion/Expo.q nre Control Screen. Used to enter 
information about the required safety equipment (such as 
special devices or clothing) and engineering control 
recommendations for handling a material. 

r^yposure Limit Dat a Screen. Used to collect the detailed 
information about every agency exposure limit for a 
laateriai. Allows users to enter multiple test rows for each 
record. 

Biological Exposure Tndic pfi Data Screen. Some agencies or 
organizations, such as the American Conference of 
Governmental Industrial Hygienists (ACGIH) , use biological 
monitoring measures to augment their standards . Biological 
Exposure Indices, entered for the active Exposure Limit 
using this Screen, are the reference values used to 
represent the levels of determinants which are most likely 
to be observed in specimens collected from a healthy worker 
who has been exposed to chemicals. 

Review Screen . Allows users to enter and view the overall 
comments about a substance' s human health hazards. In 
addition, the screen lists the relevant references that have 
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been associated to the active material. Ir^cluded in the 
listing are any sibling, class, or component references that 
have been copied forward and selected as the authoritative 
row on the Acute screen, or related to a test that was used 
as the basis for writing a toxic effect summary on the Toxic 
Effect Matrix Screen. 

Acute Screen . Used to build a list of relevant acute health 
effects testing data for the active material. Tests are 
entered by selecting a valid end point and route combination 
and adding a row to the test listing. The listing may 
consist solely of test data on the material itself. In 
addition, tests from class, sibling, or component records 
can be pulled forward to the active material using the Copy 
button. A hazard code that is used by rules processing to 
select standard phrases can be entered for each test row. 
O t he r S£f^ Ct:s Screen. used for entering chronic or sub- 
chx-onic effects test data for the active material. Tests are 
entered on this screen by end point, route, and reference 
identification number, to accommodate studies with multiple 
end point testing for chronic and sub-chronic effects. 
Target Org an Assignment Screen. Used to associate target 
organ effects to a chronic or sub-chronic test entered on 
the Other Effects Screen. Summary statements that are 
ultimately used on the Toxic Effect Matrix Screen to create 
Toxic Effect Summaries are also entered in this screen. 
Toxic Effect Matrix Screen . Used to compose Toxic Effect 
Statements for hazard documents. These statements are 
produced based on the other effects testing data related to 
the active material. Each toxic effect can be mapped to an 
other effect end point, a particular target organ, or 
neither. This mapping is created using a behind-the-scenes 
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assignment reference table (via relational database 500) . 
The relationship is used to determine what other effects 
data (from the material, class, siblings, and components) 
needs to be available while constructing the toxic effect 
statement used on hazard documents. 

Review Screen . Allows users to enter and view the overall 
comments about a substance' s environmental hazards. In 
addition, the screen lists all the "relevant" references 
that have been associated to the active material. Included 
in the listing are any sibling, class, or component 
references that have been copied forward and selected as an 
authoritative row on the Eco-Tox or Eco-Fate Screens. 
EcQ-Tox Screen . Used to enter data to build a list of 
relevant environmental effects testing data for the active 
material. Tests are entered by selecting a valid exposure 
and sub -class combination and adding g row to the test 
listing. The listing may consist solely of test data on the 
material itself. In addition, tests from class, sibling, 
or component records can be pulled forward to the active 
material using the Copy button. 

Eco~Fate Screen . Used to enter data to build a list of 
relevant environmental fate effects testing data for the 
active material. Tests are entered by selecting a valid 
media and sub-class combination and adding a row to the test 
listing. The listing may consist solely of test data on the 
material itself. In addition, tests from class, sibling, or 
component records can be pulled forward to the active 
material using a Copy button. 

Label Format Assj .gnTnPnt-, Screen. Used to assign a label 
format to each document type. Assignments are specific to 
a document group, regulatory agency, and language 



wo 99/59094 



PCTAJS99/10296 



combination. The list of document types for which format 
assignments are needed is determined from the Material - 
Container Assignment Screen. 

Site Assignment Screen . Allows users to specify the 
labeling sites that are authorized to print labels for a 
particular combination of document group (which is a- 
combination of document group number, trade name, and 
company name), agency, and language, and document type. 
Run Rules Screen . Used to specify the rules to be evaluated 
for a material and to initiate rule processing for a 
material . 

Material-Standard Phrase A.sgjgp nient Screen^ Used to review 
and modify standard phrase assignments generated by rules 
processing. Shows the standard phrases assigned within a 
standard phrase category and the rule used to make the 
assignment. Also shows which' rules have been evaluated for 
the material, whether the rule- was evaluated as true, false, 
or if chere was an error in evaluating tne rule. Accepts 
data entries to modify the assigned phrase. 
Tem plate S ^Aection Screen. Allows the user to specify the 
documents to produce for the active material, by assigning 
registered document templates to document group numbers 
(trade name/company combinations) . Once a template is 
assigned to a document group number, it is available for 
generation by the document generation process. 
Revision Informat ion Screen. Allows the user to assign a 
revision number, revision date, .revision comment, and review 
date to any document group number /regulatory agency/document 
type combination. Revision information is' applied to all 
documents generated after the revision information has been 
altered. 
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O ptions Screen . Allows the user to specify in detail the 
set of documents and options to be used in the document 
generation process. The user selects the type of generation 
to perform, the message log options to use, and the set of 
documents to generate. 

nnrnm^.nts Screen . Provides the user with a list of 
generated documents. This list displays document group 
number, document name, revision, status, and auditing 
information for each document. The user may selectively 
regenerate, view, or approve single or multiple documents, 
and may delete any document in a Draft status. 
Document Viewer Screen . Allows the user to review any 
generated document by using third-party controls such as 
High Edit, Netscape Navigator, and Internet Explorer to 
15 provide a WYSIWYG display of the generated document. The 

user may print or save a copy of the document to a local or 
network drive. 

f^p^nifin .r^.;..c;fiifications Scresn . Invoked in the 

Physical/Chemical Properties, Regulations, Human Health 
Effects, and Environmental Effects topic areas. The Specific 
Classifications Screen is used to enter or view the 
classification rankings for a material. The ranking schemes 
that are available on this Screen may be based on outside 
agency scales such as SARA, HMIS, and NFPA, or internal 
corporate schemes. Classifications are broken down into 
discrete categories {"qualifiers") that need to be scored. 
Classifications may have multiple qualifiers; for example, 
Fire and Acute are two qualifiers for the SARA 
classification and is each scored separately. 
3 0 Bibliographic Ref er^ nn^.c; . References Search Screen . Invoked 

in the Human Health Effects and Environmental Effects topic 



20 



25 
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areas. Used to search for bibliographic references. Allows 
users to search for and select reference records to update. 
Also used to find references for a material and associate 
a status value to each one. 

Bibliographic Refe ren c es: General Refer ences Pata Screen . 
Invoked in the Human Health Effects and Environmental 
Effects topic areas. Used for entering data on a specific 
published or proprietary study. The data collected on the 
Screen is sufficient to obtain the study from a private 
provider or public information resource. In addition to 
collecting all the basic background data about references, 
this screen permits the association of the reference to a 
toxicologist reviewer . 

Bibliographic Ref pr^^nrRs : Materials and End Points Screen. 
Invoked in the Human Health Effects and Environmental 
Effects topic areas. Used ro associate chemicals tested to 
a reference and identify testing end points. Collects 
information that can be usee to search for references in t>ie 
future and also allows users to create links from a 
reference to one or more material records. 

Bibliographir! Refer ^nres: Abstract Screen. Invoked in the 
Human Health Effects and Environmental Effects topic areas. 
Used to enter an abstract for the active reference. The 
abstract is not related to any one of the reference 
materials but summarizes the results of the test for all 
chemicals tested. The abstract may be free text entered or 
cut and pasted from another electronic record. 
Material-S tandard Phrase Assignment $crgen> Invoked in the 
process of running rules 155. Displays the standard phrases 
assigned within a standard phrase category and the rule used 
to make the assignment. Also shows the rules that have been 
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evaluated for the material, whether the rule was evaluated 
as true, false, or if there was an error in evaluating the 
rule. Used to review and modify existing standard phrase 
assignments without having to re-run the rule process 155 
5 itself. 

Material -Container qnment Screen . Invoked in the 

Transportation 145 and Labeling 151 processes. Allows the 
user to specify the allowable containers for material 
shipping. From this information, the system can determine 
10 the list of unique document types for which labeling formats 

are required in the Label Format Assignment Tab in the 
Labeling topic area. 
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CLAIM? 

1. A data-centric hazard communication apparatus comprising: 

a) an authoring module having a means for decompiling 
5 material data, a means for associating the decompiled 

data with hazard information, and a means for 
recompiling material data associated with hazard 
information to provide hazard information about the 
material, its components, decomposition products of the 
10 material, and substances related to the material and 

b) and a means for disseminating hazard information about 
said material , its components, decomposition products 
of the material, and substances related to the material 
wherein said means for disseminating hazard information 

15 communicates with said authoring module. 

2. The apparatus of claim 1 wherein said means for decompiling 
material data comprises a deblending analyzer. 

3. The apparatus of claim 2 wherein said means for decompiling 
material data further comprises a substance processor. 

20 4. The apparatus of claim 1 wherein said means for recompiling 
material data associated with hazard information is a rules 
engine for generating words and phrases used in the production 
of documents and system output. 

5. The apparatus of claim 1 wherein said means for 
25 disseminating hazard information is a distribution module. 

6. The apparatus of claim 1 wherein said means for 
disseminating hazard information is an on-line module. 

7. The apparatus of claim 1 wherein said means for 
disseminating hazard information is a labeling module. 

30 8. A process for communicating hazard information comprising 
the steps of 
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a) 



entering material information into an authoring module 
wherein said material information is decompiled, 
associated with the material information, recompiled 
to provide hazard information about the material, its 
components, decomposition products of the material, and 
substances related to the material and such hazard 
information to produce hazard communication documents, 



and 



b) distributing said communication documents. 
10 9. A machine for communicating hazard information comprising: 
a) a general purpose computer, 



10. The machine of claim 9 wherein material information is 
entered into said authoring module, said material information is 
decompiled, associated with the material information, recompiled 
to provide hazard information about the material, its components, 

20 decomposition products of the material, and substances related 
to the material and such hazard information to produce hazard 
communication documents 

11. The machine of claim 10 wherein said instructions are 
computer programming code. 

25 12. The machine of claim 10 wherein said computer programming 
code comprises software. 

13. An article of manufacture comprising the software of claim 



15 



b) 



c) 



computer instructions organized into modules including 
an authoring module and a distribution module, 
said general purpose computer programmed with said 
computer instructions. 
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